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Abstract 
eSolar has completed design of a molten salt solar power tower with storage based on a 50-MWt module comprised of a tower-
mounted molten salt receiver surrounded by a heliostat field utilizing eSolar’s small heliostat technology.  This basic thermal 
module can be replicated, without scaling or redesign, as many times as required to create plant sizes from 50 to 200 MW with 
capacity factors ranging from 20 to 75%. This paper describes the details of this molten salt reference plant design as developed 
over the past two years, as well as a potential scenario for staged initial commercial deployment that manages both risk and cost. 
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1. Introduction and summary 
eSolar is a provider of large-scale modular solar power tower systems for both electric power and non-power 
(e.g., desalination and enhanced oil recovery) applications. While our initial systems rely on water/steam as the 
working fluid, we (together with our partner Babcock &Wilcox Power Generation Group, Inc. (B&W) and with 
support from the U. S. Department of Energy) have over the past two years completed a reference plant design of a 
molten salt-based system that can be scaled to match a broad range of customer requirements without significant 
redesign. 
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eSolar’s modular solar power tower technology has been proven at our Sierra SunTower Generating Station 
located in Lancaster, California (Figure 1) [1].  This facility, comprised of two thermal modules and associated 
power generation system, utilizes our first generation technology, including a B&W direct steam receiver and 24,360 
of eSolar’s 1.1-m² heliostats.  While this direct steam system is effective for generating power when the sun is 
shining, storage is difficult and expensive to incorporate in a direct steam system.  Recognizing the importance of 
storage to the future competitiveness of concentrating solar power (CSP), we initiated a project in 2010 to 
incorporate proven molten salt technology into our modular approach.  Results of the first phase of that work, a 
conceptual design, have been previously reported by Pacheco et al [2]. 
Our molten salt system is based on a 50-MWt module comprised of a tower-mounted molten salt receiver 
surrounded by a heliostat field utilizing eSolar’s small heliostat technology, as illustrated in Figure 2a.  To minimize 
risk, the details of the molten salt components are based directly on the lessons learned from the successful Solar 
Two molten salt pilot plant [3].  The unique feature of our technology is the ability to replicate the basic thermal 
module, without scaling or redesign, as many times as required (typically 2 to 14) to create plant sizes from 50 to 
200 MW with capacity factors ranging from 20 to 75%.  (In all cases, the multiple solar modules feed a single power 
block.)  For example, Figure 2(b) illustrates 10 modules in our base 100-MW commercial configuration with 50% 
capacity factor.  Examples of alternative configurations include 5 modules powering a 50-MW plant with 50% 
capacity factor, and 14 modules powering a baseload 100-MW plant with a 75% capacity factor.  In addition to 
scalability, our modular design also has a high tolerance to single points of failure. Planned and unplanned outages 
of a receiver, for example, will only affect one module’s output, with the bulk of the plant still functioning as 
designed. 
Our 50-MWt B&W-designed, salt-in-tube receiver is factory-built and shipped fully assembled to the plant site to 
be lifted by a crane to the top of a 100-m tall steel monopole tower.  The hexagonal heliostat field surrounding the 
receiver and tower is comprised of about 47,000 of eSolar’s new 2.2-m² SCS5 heliostats, calibrated and controlled 
by our Spectra software system.  Unique to our modular design is the requirement for a field piping system to deliver 
 
Fig.1. eSolar’s Sierra SunTower Generating Station in operation. 
Fig. 2. (a) Molten salt plant module; (b) 10-module plant configuration. 
 C. Tyner and D. Wasyluk /  Energy Procedia  49 ( 2014 )  1563 – 1572 1565
288ºC “cold” molten nitrate salt from the centrally located storage system to the receivers, and return 565ºC “hot” 
salt to the storage system. The thermal storage system, comprised of large cold and hot salt storage tanks, is located 
in the power block, along with the molten salt steam generator and a conventional reheat steam turbine/generator 
system.  Our B&W-designed steam generator includes preheater, evaporator, superheater and reheater heat 
exchangers, all designed to accommodate rapid daily startup and assure dynamic stability in all operating conditions. 
This work has been a concerted effort to reduce cost and improve plant performance.  With significant heliostat 
field cost reductions, optimized performance and O&M, and flexibility to vary plant size and capacity factor with 
minimal engineering and risk, we believe we have achieved our goal of being fully cost-competitive (or better) with 
both photovoltaics and other CSP providers, while offering storage and dispatchability as discriminators. 
 
 Nomenclature 
 SCS Solar Collector System, including heliostat fields and field controls 
 SRS Solar Receiver System, including molten salt receiver, tower, field piping, and cold salt pumps 
 TSS Thermal Storage System, including hot and cold salt storage tanks and molten salt inventory 
 SGS Steam Generator System, including major heat transfer vessels and hot salt pumps 
 PGS Power Generation System, including reheat steam turbine/generator and all supporting equipment 
 PCS Plant Control System, including all receiver and power block controls 
 BOP Balance of Plant, including all other supporting systems not listed above 
 
 LCOE Levelized cost of electricity 
 DNI Direct normal insolation 
 
2. Plant-Level design considerations 
Key throughout this work was a series of trade studies based on eSolar’s performance modeling capability [4] to 
evaluate various options to optimize plant configuration and performance and to minimize LCOE.  These trade 
studies and resulting design choices included: 
 
x Solar collector.  Our Solar Collector Trade Study considered factors such as field shape (square, circular, 
hexagonal), aspect ratio, north field bias, heliostat density, and mirror curvature.  A hexagonal field layout was 
found to be close to the optimal circle in terms of optical performance, while allowing better packing of an array 
of fields and significantly improving field piping layouts and decreasing piping costs.  Our chosen field layout 
has a 1:1 aspect ratio, a small north field bias, and 44% heliostat density.  Although lower field densities gave 
slightly better optical efficiency, the more dense packing significantly decreased wind loads within the fields 
(because of self-shielding), allowing much lower-cost heliostats and improving overall plant economics 
significantly.  The denser packing also shortens piping runs and reduces the effects of spillage.  A small amount 
of mirror curvature was found to improve performance somewhat and is incorporated in our design. 
x Receiver and module size.  Optimal module size depends on several factors.  We wanted enough modules to 
allow a range of plant sizes and capacity factors using a replicated single module design, but not so many as to 
unduly complicate operations.  While the projected LCOE was relatively flat for modules between 40 and 60 
MWt, our final section of a 50-MWt receiver and module was determined by the maximum receiver size we 
could ship fully assembled without excessive over-size shipping costs. 
x Tower configuration.  Three different tower configurations were considered, including lattice, concrete, and 
steel monopole. We concluded that, for our field size, the monopole tower is the lowest cost configuration 
satisfying performance requirements and available from many suppliers leveraging the wind industry’s well 
established supply chain. Tower height was optimized given the selected field configuration and receiver size.  
While our selected tower is relatively tall for this field size because of our high heliostat density, it is only about 
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half the height of the tower in a comparably sized single-tower plant, resulting in a significant permitting 
advantage. 
x Plant configuration.  The Plant Configuration Trade Study (based on Daggett-type weather 
(~7.4 kWh/m²-day)) examined the effects of SCS-to-SRS solar multiple, SRS-to-SGS solar multiple, thermal 
storage system size, and power block rating on performance, capital cost, and LCOE.  While these factors can 
be tweaked on a project-specific basis, we generally concluded: 
x To assure optimal plant utilization on an annual basis, the SCS-to-SRS solar multiple should be about 1.2 at 
our summer solstice design point (that is, the field at design point should be able to provide 1.2 times the 
power the receiver is capable of absorbing).  While some of these additional heliostats are necessarily 
pointed away from the receiver at or near design point, increased full-power utilization of other systems 
throughout the year more than makes up for the cost of the additional heliostats. 
x Optimal SRS-to-SGS solar multiple and thermal storage size are interrelated and depend on desired 
capacity factor.  For example, for a baseload plant with a desired capacity factor of 75%, the optimized 
SRS-to-SGS solar multiple is 2.5 and storage size is about 13 hours.  For a 50% capacity factor plant, the 
solar multiple is about 1.8 with about 6 hours of storage.  SRS-to-SGS solar multiple is easily adjusted by 
changing the number of modules. 
x Power block rating depends on available reheat steam turbine sizes and customer requirements.  We have 
chosen 100-MW (net) as the basis of our primary commercial configuration, as well as a 50-MW (net) 
power block as an option for smaller plants. 
x Hybridization options.  In order to maximize capacity factor and reduce costs, we evaluated a variety of 
hybridization options to supplement solar input.  These included several options fired by natural gas: salt 
heaters, superheaters, part-load boilers, and reheaters.  A natural gas-fired salt heater was the preferred 
hybridization option because of its design simplicity, low cost, high efficiency, ability to generate hot salt at any 
time (regardless of solar DNI), and ability to seamlessly integrate with other plant components.  However, after 
completing a salt heater conceptual design and as part of a final analysis of commercial considerations 
(including environmental impact and customer needs), we eliminated hybridization options altogether in favor 
of a solar-only design.  We are able to achieve capacity factors of 75% (with dry cooling) to 78% (with wet 
cooling) with a solar-only approach. 
3. Major system descriptions 
Major plant systems have all been designed in enough detail to allow for development of material and erection 
costs, project schedules, EPC bid packages, detailed performance modeling, and operations and maintenance costs.  
Each of these major systems is described below.  Cost and schedule information is not included in this document. 
3.1. Solar collector system (SCS) 
The function of the SCS is to collect and transfer solar energy to the solar receiver system (SRS). The eSolar 
design uses thousands of independently controlled 2.2-m² heliostats organized into modular heliostat fields. The use 
of small, close-packed heliostats reduces wind loads, simplifies design and installation, and leverages mass 
production. In addition, the modular heliostat fields allow for flexible site layouts for the plant as a whole. eSolar’s 
software system, Spectra, automatically calibrates and controls the heliostats.  Although calibration and cleaning of 
many small heliostats have in the past been viewed as disadvantages, our automated approaches to these issues have 
effectively eliminated them as areas of concern. 
While our original design work for molten salt was based on eSolar’s 1.1-m² SCS3 heliostat demonstrated in two 
full fields at eSolar’s Sierra facility (See Fig. 3a), our current system is based on our 2.2-m² SCS5 heliostat 
(illustrated in Fig. 3b), an evolution of the SCS3 design optimized for our molten salt system.  Independently 
controlled SCS5 heliostats are mounted in groups of 3 (called PODs) on a small frame with no in-ground 
foundation.  These PODs are aligned in alternating orientations to form close-packed rows, with many close-packed 
rows then forming full fields.  The heliostats are factory-manufactured and shipped to site where they can be rapidly 
installed by low-skilled labor using simple hand tools (without need for cranes or heavy equipment).  The SCS5 
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heliostat is currently undergoing qualification testing and will be commercially released in early 2014.  More 
detailed information on our SCS5 heliostat can be found in Ricklin et al [5]. 
The heliostats are organized in modular hexagonal heliostat fields, each with a heliostat area of about 103,000 m² 
(at reference (Daggett) solar conditions), sufficient in size to power a 50-MWt receiver.  The hexagonal field shape 
was chosen to permit the shortest field piping lengths to each of the towers within the plant.  Fields are oriented in 1 
of 3 configurations (see Figure 3c) determined by the orientation of a tower access corridor which bisects the field 
along one pair of opposing vertices. This corridor is sized to provide crane access to each tower and space for piping 
expansion loops. Additional field access for maintenance and safety is provided by a smaller corridor oriented 
perpendicular to the tower access corridor. 
Our SCS control system, Spectra, is responsible for all control functions of the SCS including communication 
with the heliostat field, calibration of the heliostats, controlling flux delivered to the SRS, as well as performing 
automated diagnostics to measure various performance metrics and facilitating O&M activities.  Stowing of the 
heliostats in response to high winds or other safety-related conditions is also managed by Spectra. 
The calibration software within Spectra permits high-accuracy sun tracking by our small, low-cost heliostats. Due 
to the thousands of heliostats required per tower, it is economically unfeasible to manually calibrate each individual 
heliostat. Instead, the system is capable of achieving accurate pointing based on measured heliostat parameters 
determined during a one-time calibration process.  The calibration system uses a set of cameras positioned around 
and directed toward the heliostat field, and an algorithm for calculating a given heliostat location and orientation. In 
a highly parallelized fashion, heliostats are oriented to reflect light to various cameras resulting in data that can be 
mathematically processed into kinematic properties of each heliostat. 
3.2. Solar receiver system (SRS) 
The SRS (consisting of the receiver, tower, field piping, and cold salt pumps) converts solar flux from the SCS 
into thermal energy stored as high temperature molten salt.  The receivers, rated at 50 MWt absorbed power, are an 
external, salt-in-tube design consisting of panels arranged in a box configuration, similar in shape to B&W’s direct 
steam receiver deployed at Sierra. The receivers are designed to be built in a factory and easily shipped to the plant 
site, ensuring a high-quality finished product.  Minimal field work is required before the receiver is lifted by a crane 
to the top of the tower. The tower is a 100-m tall steel monopole, similar in design to those used with wind turbines.  
A single receiver/tower/field module is illustrated in Fig. 2a, while our receiver concept is illustrated in Figure 4a. 
The monopole tower is made up of several tubular sections connected together with bolted splices.  Each tubular 
section is made up of several perimeter panel segments (likewise bolted together) and designed to suit the available 
crane capacity on site for the tower’s erection and receiver installation. The multi-panel sections allow towers to be 
shipped on standard flatbed trucks, reducing costly transport logistics by up to 70% or more. The ability to utilize 
larger tower diameters also helps to optimize overall tower design, thereby reducing tower weight and further 
reducing cost. 
The salt piping system includes all piping, supports, insulation, heat trace, and valves necessary to transport the 
cold salt from the cold salt pumps to the receiver inlet vessels and return it from the receivers to the hot salt storage 
tank. The cold salt piping network is arranged as a branch manifold system for the cold salt supply to the towers. At 
the discharge of the cold salt pumps, the manifold is a large diameter pipe reducing in diameter as branch lines are 
taken off to receivers along the flow path.  The hot salt piping configuration is currently based upon individual hot 
Fig 3. (a) eSolar’s SCS3 heliostats in operation at Sierra; (b) SCS5 heliostat POD configuration; (c) packing of hexagonal heliostat fields. 
a b c
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salt return lines from each tower returning to the thermal storage system with no shutoff valves in the hot salt piping.  
To provide the proper isolation of the hot salt piping to a tower from the remaining towers, a seal loop is provided at 
the hot salt tank which prevents back flow of hot salt from one tower to another.  (Because of additional heat loss 
and cost associated with the individual hot return lines, the use of a branch manifold-type system is being further 
evaluated for the hot salt piping as the design is refined. Either approach could be effectively deployed in a plant.)  
A 14-module, 75% capacity-factor plant requires about 10,000 m of cold salt piping and 17,000 m of hot salt piping.  
While overall the field piping contributes about 1% to total thermal energy losses, adds a few percent to overall 
plant capital costs, and adds slightly to the plant parasitic load (0.3% of total gross annual production), we consider 
this impact small compared to the benefits of modularity. 
The field piping is insulated carbon steel for cold salt and insulated stainless steel for hot salt.  The piping system 
will be electrically heat traced to provide freeze protection of the molten salt and to preheat the empty pipes from 
ambient to minimum operating temperature during startup.  Small-bore piping heat trace is sized to warm up quickly 
as it will be emptied nightly. Large-bore piping will be emptied far less often, and the heat trace on it is accordingly 
sized to preheat over a longer period of time. The piping system is designed to be fully drained only during extended 
outages.  On an overnight basis, salt will be circulated through the piping by the SGS cold salt attemperation pump 
as needed to prevent freezing. 
As part of the SRS, three 50%-capacity cold salt pumps are suspended in the cold salt tanks and distribute cold 
salt from the cold salt storage tank through the field piping to the solar receivers.  Reliability of these high-pressure, 
high-volume, multi-stage vertical turbine pumps is well established; nonetheless, redundancy in the form of a spare, 
hot-standby pump is included because of the critical nature of the function. 
3.3. Thermal storage system (TSS) 
The TSS (consisting of nitrate salt (60 wt % NaNO3, 40 wt % KNO3), cold and hot storage tanks with passively 
cooled foundations, and salt melting and handling equipment) stores thermal energy in molten salt so as to decouple 
solar energy collection from electrical energy production. In this design, the molten nitrate salt thermal storage 
medium also serves as the heat transfer fluid. 
The two-tank heat storage system design is very similar to the Solar Two TSS [3]. Cold nitrate salt (nominally 
288°C) is stored in an externally-insulated, cylindrical tank. During solar collection, cold salt is pumped from the 
cold tank, though the SRS where heat is added, and flows by gravity into the hot tank at a nominal temperature of 
565°C.  During energy dispatch, the hot salt is pumped from the hot tank, through the SGS, and back to the cold 
tank. 
Both hot and cold molten salt thermal storage tanks are conventional ground storage tank design using a stiffened 
umbrella roof.  Each tank is about 39 m in diameter and 17.5 m tall.  The cold tank shell is made of carbon steel and 
has an operating temperature of 288°C and a maximum temperature of 400°C.  The hot tank’s shell is made of 
stainless steel and has an operating temperature of 565°C and a maximum temperature of 593°C.  Both tanks are 
sized to contain the entire inventory of molten salt. In addition to the useable salt inventory, the height of each tank 
includes 1.0 m for the salt heel, 1.0 m for the salt heel from the other tank, and 0.3 m for ullage space above the 
Fig. 4. (a) Receiver configuration; (b) Field piping layout. 
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maximum salt height.  A bermed area surrounds the tanks to contain salt in the event of a tank rupture or leak.  A 
14-tower, 75% capacity factor plant requires about 36,500 tonnes of salt to provide 3500 MWh of storage (enough 
to run the 100-MW turbine generator at full power for 13.1 h). 
3.4. Steam generator system (SGS) 
The SGS (consisting of heat exchange vessels, hot salt pumps, feedwater pumps, and supporting systems) 
transfers thermal energy from hot molten salt to water to generate superheated steam. Hot salt is pumped from the 
hot salt storage tank of the TSS to the SGS. The heat is extracted in the SGS heat exchangers and the cooler molten 
salt is then returned to the TSS cold salt tank. The steam drives a steam turbine generator within the Power 
Generation System (PGS) to produce electricity. 
The SGS heat exchangers include U-tube, U-shell superheater and reheater; vertical straight-tube, straight-shell 
natural circulation evaporator; and U-tube, straight-shell preheater.  All heat exchangers have salt on the shell side 
and steam or water on the tube side.  The natural circulation evaporator is designed to minimize parasitic power 
consumption and maintenance needs. 
All SGS equipment is located within a multi-floor open structure placed in close proximity to the TSS and PGS 
systems as shown in Figure 5 to minimize interconnecting piping.  An open structure was chosen because all 
equipment is inherently weather resistant and excess heat is more readily dissipated to the environment.  The 
structure can easily be adapted to be enclosed should site-specific or operator requirements dictate. 
As shown in Figure 6a, molten salt is delivered to the SGS from the hot tank by the hot salt pumps, and first split 
between the superheater and reheater.  It then recombines and flows through the evaporator, followed by the 
preheater, before returning to the cold tank. Water flows the opposite direction, first entering the preheater where it 
is heated to near saturation temperatures. The water is then converted to saturated steam in the evaporator and then 
enters the superheater which raises the temperature to 540°C to meet the design steam temperature of the steam-
turbine. Since the Power Generation System (PGS) is designed with a reheat cycle, steam exiting the high pressure 
turbine is sent back to the SGS where it enters the reheater to be heated back to 538°C.  For a 100-MW plant, SGS 
thermal capacity is 275 MWt. 
Additional SGS components include three 50%-capacity hot salt pumps, two 100%-capacity cold salt 
attemperation pumps, feedwater recirculation pump, and supporting piping, valves, instrumentation, insulation, 
foundation and structural support.  The hot salt pumps are suspended in the hot salt storage tank and are used to 
Fig. 5. Power block layout, including turbine/generator building (left), SGS structure (center), and thermal storage tanks (right).   
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transport the hot salt to, and through, the heat exchangers of the SGS.  A central salt drain down tank is included to 
collect salt drained from the SGS during an extended outage.  A salt transfer pump moves the salt collected in the 
drain down tank to the cold salt storage tank as needed.  The SGS has been designed to startup and cycle daily and 
mitigate transient issues experienced at Solar Two. 
3.5. Power generation system (PGS) 
The PGS converts thermal energy contained in the steam from the SGS to electrical energy for delivery to the 
electric grid. Its major components include a Rankine-cycle reheat steam turbine generator; feedwater pumps; four 
feedwater heaters; air-cooled condensers; deaerator; transmission and interconnection hardware; and auxiliary steam 
and other auxiliary equipment.  The air-cooled condensers significantly reduce water consumption of the plant 
compared to wet cooling.  The design main and reheat steam pressures and temperatures are 127 bar, 539°C and 28 
bar, 538°C, respectively. 
The cooling systems remove waste heat from the steam cycle and dissipate it to the environment. The circulating 
water system collects and transfers this heat to the air-cooled condensers, which transfer it to the surrounding air. 
Because an air-cooled condenser is used for condensing the turbine exhaust, an auxiliary cooling tower has been 
included to provide cooling for other PGS components such as the turbine lube oil system and the feedwater pumps. 
3.6. Plant control system (PCS) 
The PCS consists of an integrated Distributed Control System (DCS) located in the control room building with 
remote input/output (IO) distributed throughout the plant to monitor and control all plant systems.  It is designed to 
facilitate a high degree of automation to allow a single operator to control all the solar fields.  Due to the distances 
between the control room and major hardware nodes, multimode fiber optic cable is used to interconnect the remote 
IO cabinets with the DCS processors located in the control room building.  As a result of this automation and the 
need for centralized control, redundancy in all major controls and interconnects is required.  The PCS system will 
utilize a Process Automation System to help meet high availability demands more easily and cost-effectively.  
In addition to integration with the heliostat control system, Spectra, the PCS must be capable of startup and 
control of all receivers in parallel.  Automated infrared cameras and other sensors tested at our Sierra plant are used 
to monitor receiver conditions during startup, cloud transients, and shutdown to provide the data required for this 
Fig. 6. (a) SGS Configuration; (b) SGS Layout.  
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fully automated receiver operation.  While multi-receiver control is a necessary complication of a modular plant, our 
automated approach is expected to minimize impact on operating cost and reliability. 
3.7. Balance of plant (BOP) 
The BOP contains all portions of the plant not specifically contained in the other plant systems.  This is a larger 
scope than a traditional definition of BOP, which is typically limited to just support equipment.  The BOP contains 
electrical distribution, water treatment, compressed air, buildings, site security, fencing, landscaping, roads, parking, 
lighting, fire suppression, evaporation ponds, and hydrology.  The requirements of the BOP are derivative of the 
systems served. 
4. Predicted plant performance 
We have used the extensive performance modeling capability developed at eSolar over the past several years [4] 
to predict both design point and annual performance of our molten salt system.  Table 2 summarizes these predicted 
efficiencies for a 14-module, dry-cooled, 75% capacity factor plant operating at a site with Daggett-type weather.  
Overall solar-to-electric efficiencies are 15.8% annually and 17.8% at design point. 
Note that in this table, the “Design Oversize” row refers to energy unutilized at times because of the 1.2 SCS-to-
SRS solar multiple (at design point).  Over the course of the year, the impact on efficiency caused by the 20% 
oversize fields is relatively small (slightly greater than 5%), while reducing LCOE because of greater utilization of 
all plant systems.  “Operational efficiencies” (i.e., solar-to-electric efficiencies based on electric output divided by 
the product of DNI and reflector area actually in use at any given time) are 16.7% annually and 21.6% at design 
point. 
5. Commercial plant options 
At the conclusion of the design phase of our work, we evaluated options for building and operating a single-
module prototype plant.  We concluded as part of a detailed risk assessment, however, that a prototype would be 
both expensive and uneconomical to operate, while the risks of going directly to a first plant were manageable, 
given the modular nature of the technology.  While continuing technology advances in parallel, we are currently 
investigating a number of options around the world for initial deployment of our molten salt technology. 
Traditional barriers to entry for commercial deployment of first-of-a-kind molten salt plants have included 
significant scale-up risk associated with the solar receivers in single-tower systems and the significant project cost of 
commercial-scale plants.  While economics improve with increasing plant size and capacity factor (because of 
increased utilization of the power block), the perceived financial risks of a large first plant can be substantial.  Our 
Table 1. Annual and Design Point Efficiencies for 14-Module, Dry-Cooled, 75% Capacity Factor Plant 
 
Relative Cumulative Relative Cumulative
Outages 95.6%    95.6%       100.0%    100.0%       
Design Oversize 94.6%    90.4%       82.2%    82.2%       
Solar Collector 56.0%    50.6%       67.1%    55.2%       
Receiver 81.8%    41.4%       86.1%    47.5%       
Piping 98.9%    41.0%       99.7%    47.4%       
Thermal Storage 99.5%    40.8%       100.0%    47.4%       
Steam Generator 99.9%    40.7%       99.9%    47.3%       
Power Generation 42.1%    17.1%       42.3%    20.0%       
Parasitics 91.9%    15.8%       88.7%    17.8%       
Operational Efficiency 16.7%       21.6%       
Annual Design PointSystem Efficiency
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unique modular solution allows us to more readily manage initial risk and capital cost by entering the market in a 
staged manner.  
To minimize this risk, we are considering an “expandable peaker” design for our first plant (Figure 7).  We would 
begin operating the first thermal module of this plant (Figure 7, darkest color) as soon as its construction was 
complete, demonstrating operating characteristics and performance of the first receiver.  A remaining 3 initial 
modules (lighter color) would be brought on line as completed, demonstrating the parallel operability of multiple 
modules.  This initial 4-module configuration would then be operated on a continuing basis as a 20%-capacity-factor 
peaking plant (delivering enough thermal energy to storage during the day to run the 100-MW turbine at full power 
for up to 5 hours per day at the times of peak customer demand).  Once operation of this initial configuration had 
been successfully demonstrated for a period of time satisfactory to owners and financers, an additional 6 to 10 
modules could be added to the plant to increase its capacity factor to 50 to 75% (as determined by the customer), 
decreasing the levelized cost of energy from this first plant to full commercial levels. 
Our team is currently investigating opportunities for deployment globally, and our recently completed reference 
plant design now serves as an excellent starting point for site-specific detailed engineering. 
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Fig. 7. Expandable peaker configuration. 
